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Abstract 
Photovoltaic systems connected to a network are increasingly used in developed countries. These 
systems are installed at the prospect of developing this type of clean energy without the emission of 
pollutant gases. 
 The availability of energy is an important factor for the development and improvement of living 
conditions of the population. The availability at all times and the quality of this energy are highly 
demanded. Thus, the quality of the voltage measured by the voltage drop becomes unacceptable when 
it exceeds 10%. The distributor makes various techniques such as: strengthening of sections of the 
conductors, installation of new stations MV / LV transformers, etc.. .Knowing that the voltage quality 
is affected by the distance between the power source and load. The installation of PV systems 
connected to the grid, in underserved areas, is a solution increasingly used to solve the problem of 
voltage drop and for the same opportunity to provide clean electricity. 
 Support tools to determine the profitability and performance of PV systems connected to the LV 
network have been used. Thus a real case study was performed on a rural network LV, headquarters 
operating constraints. The network studied is located north of Algeria in the rural town of Mouafkia, 
wilaya of Chlef.   
The connection instead of the voltage drop to a mini-solar power plant, improves the electrical 
quality of the line by injecting into the network of clean electrical energy photovoltaic own to benefit 
the rural population. 
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The calculation results obtained with the software JPlec showed that using solar photovoltaic 
injected into the LV, a significant portion of non-polluting electrical energy can be produced.Thus, it 
allows the customer to rectify the voltage during periods of high demand, the afternoon of the summer 
season, and occasionally reduce the purchase of electricity from the grid .  
 
Keywords: photovoltaic consumption, voltage drop, grid LV, PV generator, energy connected to the 
network.  
 
1. Introduction 
Energy is the engine of all human activity. His sources have diversified over time to meet the needs of 
increasingly high industry and consumers. In addition, the use of fossil fuels is responsible for 
environmental problems such as acid rain and global warming. In efforts to find clean energy to replace 
traditional sources around the world, we have seen the steady development of renewable energy. 
Among the renewable energy, solar PV is also very promising, among its many advantages is that it 
provides electricity with renewable and free energy of the sun, this technology produces electricity 
from environmentally friendly way, using a virtually unlimited energy source: the sun, and it requires 
no fuel.  
      The grid-connected photovoltaic systems can contribute to improving the voltage-to-end network 
where voltage drops reach unacceptable values and therefore having a negative impact on the 
distributor and the customer. This solution is used to solve this problem by producing electricity at the 
location of the deficit. 
 Knowing that the main parameter characterizing the electrical service is the quality of the tension 
the distributor is contractually bound to respect around the permissible values. Mini photovoltaic 
system connected to LV network is one of the solutions used to solve the voltage drop problem through 
producing power at the location of the deficit.  
     A lot of work has been done on analysis of the affect of connection of PV systems to LV network.  
Studies by Dr. M. MUSELLI were referred to photovoltaic systems connected to the grid and the wind 
systems connected to the network. This work includes theoretical analysis of the essential components 
of the system connected to the network, namely the photovoltaic generator and converter "DC / AC 
'and its energy optimization [1]. In his work entitled "Management of distributed generation in 
distribution networks," Dr. Raphael CAIRE has developed a methodology for impact of dispersed 
photovoltaic generators on low and medium voltage networks [2]. Other studies address the 
optimization component photovoltaic generators connected to the network has been made. These 
studies suggest several ways to get the maximum energy of photovoltaic modules. Context is in part 
the research of Prof. A. MOUSSI [3]. 
 
 
 
 M. Mouheb et al. /  Energy Procedia  18 ( 2012 )  751 – 761 753
In this work, we study the profitability of the integration of photovoltaic production in a distribution 
network from a technical view to overcome the shortcomings of the load and the recovery of voltage-
to-end network. Indeed, a mini solar power station placed in the end allows the tension to straighten 
and improve the power especially when the peak demand is in phase with the intensity of sunlight. For 
this, we conducted a case study of a real LV rural seat of constraints. The network studied is located in 
northern Algeria, in the region of MOUAFKIA, wilaya of Chlef.  
 
 
Nomenclature 
 
I  current (A) 
V  voltage (V) 
2. Presentation of the network studied 
We chose an LV network located in the rural area of MOUAFKIA (Wilaya de Chlef). This is the 
public distribution station No. 211. This network supplies 16 customers with a length of 1520 m and 
Peak power of 73 kVA (110 A) (Fig. 1). Customers connected to this position are malnourished (less 
than 185 V) due to the long length of the network and the distance from the source. The tension 
crushed during Summer leads to a loss for the electricity supplier, daily activities are disrupted, and 
subscribers cannot use their ordinary household equipment (air conditioner, TV etc ....).  
 
 
 
 
Fig. 1 Schematic of low-voltage network studied 
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3. Consumption profile 
The evolution of the annual consumption of a subscriber LV line in question is illustrated in Fig. 2 
for the year 2009. Thus, this histogram shows a sharp increase in electricity consumption during the 
summer (3rd quarter).  
 
  
Fig. 2 Profile of quarterly energy consumption of a subscriber for 2009 
 
Fig. 3 gives an example of the typical hourly load curve that we measured in a LV subscriber during 
2009 summer. Thus, these results show that the load profile is highly variable and non-regular with a 
peak which stands at 0.9 kW between 11 am and 16 pm. This peak in demand is due to the use of air 
conditioning during the heat wave of the day. 
 
 
 
Fig. 3 Hourly energy consumption of a typical day in August from a subscriber at that site.
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4. Simulation of voltage drops 
   We have seen that for the rural low voltage networks, the tolerance on the voltage drop of 10% is 
fixed by Algerian supplier [4].  
       Using simulation, we calculate the tension zone of the line for a typical day of August in three 
different nodes of the LV line studied (beginning, middle and end of the line). The shape of voltage 
schedule is shown in Figure (4). The curve shows that for the node that is at the end of the line there is 
a remarkable voltage drop during peak hours (11h-16h). 
 
Fig. 4 Voltage  times in three different nodes of the line studied  
We also calculate the voltage drop on the same day and time for the same three nodes (Fig. 5). 
Simulation results show that the voltage drop exceeds the permissible limit of consumption for the 
node in the middle and the last node.  
 
 
Fig. 5  Voltage drop zone for three nodes of the line disputes. 
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Now we will be interested to locate the node where the voltage drop starts to exceed the permissible 
limit. To do this, we will calculate the voltage drop at 13h (peak) as a function of the length of the line. 
The results are shown in (Fig. 6) 
 
 
 
Fig. 6 Voltage drop line LV studied as a function of distance from the transformer before installation of SPV 
 
The curve shows that the voltage drop exceeds the permissible limit from the consumer node 
located 300 m from the position of MV / LV transformer. 
5. Dimensioning of the PV 
For the photovoltaic system, we identify 150 Wp PV modules of 24 V.  The PV generator will 
consist of 10 photovoltaic modules of 150 Wp. The surface of a photovoltaic module equals 0.5 m2 
giving a total area of 5 m2 photovoltaic generator. These photovoltaic modules are connected in series. 
The whole constituting a branch of 220 V DC to be connected to an convertor of 1.5 kW.  
For the sizing the PV generator, we are based on the gross annual electricity consumption billed by the 
supplier. Thus, the peak power of the proposed PV generator is 1.5 kWp [5].  
6. Solar field 
Fig. 7 shows the hourly irradiance received by a horizontal plane at the site interested in a typical 
day in August. This figure shows that the received power is important and maximum during the peak 
hours in the afternoon 
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Fig. 7 Irradiance time of a typical day in August at the study site received by a horizontal plane. 
 
The use of a photovoltaic system for the production of electricity will be very useful, since the 
constraints appear in the period when the sun is up and therefore the electrical output of PV generator 
is also maximum [6]. 
 
 
7. Impact of the connection of photovoltaic systems on the grid voltage studied 
 
The impact of photovoltaic systems connected to the LV network voltage is determined using the 
integration of mini-photovoltaic customers in line LV chosen which record an unacceptable voltage 
drop. The mini solar power plants are connected to the line at which customers are at the end of the line 
[7].  
The simulation results show that the voltage drop exceeds the permissible from the consumer node 
located 300 m from the position of MV / LV transformer (Fig. 6). To reduce the voltage drop, bring it 
below 10%, we chose to install small photovoltaic systems (PVS) in the latest LV subscribers who are 
located beyond 300 m of the transformer (Fig. 8 ). Thus, the strategy is to equip these subscribers at the 
end of the network with successive SPV in a manner and starting with the last. The voltage is raised 
after each operation on the level of  subscribers who are located upstream from the last customer with 
an installation of SPV. The process of equipping subscribers with PVS stops when the voltage drops 
with a permissible value (<10%).  
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Fig. 8 Diagram showing the location of the three PV systems in the network studied. 
 
 
After each installation of a PVS in a subscriber mal-served at the end of the LV network, we 
simulated the impact of connecting the PVS on the voltage drop zone (Fig. 9). We also simulated the 
impact of the inclusion of SPV on the voltage drop as a function of line length (Fig. 10). The curve 
shows the improvement is remarkable especially at the end of the line. 
 
 
 
Fig. 9   Improving the voltage drop in the last subscriber zone after each insertion of PVS. 
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Fig. 10 The simulated voltage drop after each installation of a photovoltaic system as a function of line length 
 
 
On the voltage drop before installing the PVS to the subscriber located at the end of the network, it 
was important (about 185 V), especially during the peak hours in the afternoon. Paradoxically, the 
period of strong sunlight where the PVS can produce electrical energy with a very good performance. 
After installation of PVS, the tension between 11h and 16h is significantly improved. Indeed, Fig. 9 
shows the improvement after each installation of PVS. These results justify the purpose of this work 
which proposes the installation of PVS on the network LV to compensate the voltage drop in line with 
the contribution of photovoltaic power provided during these hours sunshine during the summer in 
these regions.  
8. Current appearance 
                         
    We want to determine the impact of PV integration on the current passed through the end of the line, 
why we have simulated the time profile of the current passed through a node that is at the end of the 
line before and after insertion of PVS. The results are shown in Fig. 11. The time profile of current 
photovoltaic passed before netting a record peak between 12h and 15h . After installing the PVS, we 
recorded a remarkable decline of current during the same hours of peak 12 to 15h (Fig. 11). Thus a 
photovoltaic generator reduces the voltage drop by reducing the current passed through the line [3].  
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Fig.  11 Impact of insertion of each PVS on the current schedule at the end of the line. 
 
8. Conclusion 
Interest in renewable energy has led us to concern ourselves with the photovoltaic system as 
distributed generation. Thus, the photovoltaic generator provided an important  part of clean electricity 
without emission of polluting gases to customers    by reducing both their needs and purchase 
electricity at the same time solve the problem of the load during the dates. 
 In this brief, we examined the contribution of the integration of systems photovoltaic power 
generation system coupled to low voltage (LV). Indeed, ultimately electrical voltage drops can occur 
and cause inconvenience to customers.  
The work was based on a real case study of problems of voltage drop, it is a rural network LV 
situated in a village in the province of Chlef. We have proposed the installation of PVS connected to 
the LV network to compensate for line voltage drop. The photovoltaic electricity is produced at the site 
of the deficit and the high demand for energy which coincides with the strong sun especially during 
summer. 
 The results obtained after introduction of solar photovoltaic energy, justifying the purpose of this 
work which proposes the installation of PVS connected to the LV network to compensate for line 
voltage drop. These results showed that using photovoltaic solar energy injected into the LV network, 
we can produce a significant portion of non-polluting electric power. This power source allows the 
subscriber to rectify the voltage during periods of high demand, the afternoon of the summer season, 
and at the same time to reduce the purchase of electricity from the grid. 
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